Introduction
Typhoid fever, also known as enteric fever, is a potentially fatal multi systemic illness caused primarily by Salmonella enterica serotype Typhi (S. Typhi). The classic presentation of the disease includes fever, malaise, diffuse abdominal pain, and constipation. Untreated, typhoid fever may progress to severe condition like delirium, intestinal hemorrhage, bowel perforation, and death. The disease remains a critical public health problem in developing countries. In 2000, it was estimated that over 2,16 million of typhoid occurrences worldwide, resulting in 216,000 deaths, and that more than 90% of this morbidity and mortality occurred in Asia [1] . A report from World Health Organization in 2008 on typhoid fever in five Asian countries showed the annual typhoid incidence (per 100,000 person years) among 5-15 years age group varied from 24.2 and 29.3 in Vietnam and China, to 180.3 in Indonesia; and to 412.9 and 493.5 in Pakistan and India, respectively; multidrug resistant S. Typhi were 23% (96/413) [2] . Further, unlike S. Typhi originated from Pakistan, Vietnam and India, those from Indonesia collected in North Jakarta, were all susceptible to antibiotic tested, i.e. Chloramphenicol, Ampicillin, Trimethoprim-Sulfamethoxazole; none of multidrug resistance were found. Nalidixic acid resistance was rather high in Pakistan, India and Vietnam, but none was found in Indonesia [2] .
Materials and methods

Specimens
Specimens used in the study were blood received in our laboratory i.e. Laboratory of Clinical Microbiology Faculty of Medicine University of Indonesia (CML-FMUI) Jakarta between 2002-2007. Our laboratory accepted specimens from hospitals, mainly the National Hospital Cipto Mangunkusumo (a tertiary general public hospital), primary health cares, private practices, and individuals. As in CML-FMUI, blood specimens from in and outpatients as well as other sources examined in Siloam Hospital Kebon Jeruk and St. Carolus Private Hospital in 2008-2010 were also included.
Culture and antibiotic susceptibility tests
Culture and antibiotic susceptibility tests were established in each of the above-mentioned institutions. Microbiology tests were performed according to microbiology standard practices and Performance Standards for Antimicrobial Susceptibility Testing for the Clinical and Laboratory Standards Institute (CLSI) [8] . Cultures were performed using Bac-T Alert TM (Enseval)/Bactec TM 9050 (Becton Dickinson), and sub cultured were on Salmonella-Shigella and MacConkey agar. Microorganism identification was determined using conventional biochemical reactions i.e. acid production from glucose, lactose, maltose, mannitol and saccharose, IMViC tests (Indole, Methyl Red, Voges Proskauer and Citrate) and H2S production in TSI agar. In recent years, API20E biochemical identification system (BioMerieux, Paris, France) was used instead. Susceptibility of microorganisms to antibiotics was assessed using the disc diffusion method. Antimicrobial susceptibility results were categorized in to three groups: Sensitive (S), Intermediate (I) and Resistant (R) according to CLSI guidelines. The antibiotics susceptibility data was then entered into the WHO-Net 5.4 program.
Antibiotics
Standard disc diffusion method was employed. The following antibiotic discs Chloramphenicol (CHL) 30µg, Amoxycillin (AMX) 25µg, Trimethoprim-Sulfamethoxazole (SXT) 1.25/23.75µg, Ceftriaxone (CRO) 30µg, Ciprofloxacin (CIP) 5µg, and Levofloxacin (LVX) 5µg were included in the study. These antibiotics are frequently used to treat typhoid fever in Jakarta, Indonesia. Susceptibility of S. Typhi to antibiotics was tabulated, and good activity in-vitro was defined by antimicrobial susceptibility of 80% or greater. Minimal inhibitory concentration was not examined. Figure 1 ). Susceptibility of the microorganism to Trimethoprim-Sulfamethoxazole showed almost similar pattern to those of CML-FMUI in the earlier years ranging from 98.6% to 100%, and so Amoxycillin that was 98.5% to 100%. Susceptibility of these microorganisms to Ceftriaxone seemed to increase from 92.6% in 2002-2007 to 98.6% or greater in 2008-2010. Lastly, although antibiotic Chloramphenicol was scarcely used in the treatment of typhoid fever compared to Fluoroquinolones, this antibiotic was still effective. The susceptibility of S. Typhi isolates to Chloramphenicol was 94.1% in 2002-2007, and was apparently increase to 98.6% or greater in 2008-2010 ( Figure 1 ). Overall, during 9 years period up to 2010, antibiotic Chloramphenicol, Amoxycillin, Trimethoprim-Sulfamethoxazole, Ceftriaxone, Ciprofloxacin and Levofloxacin showed good activity in-vitro against S. Typhi originated from Jakarta and adjacent areas. 
Results
Discussions
Jakarta, as a capital city, is the biggest urban area in Indonesia. The city connects to five other satellites cities i.e. Bogor, Depok, Tangerang, Bekasi, Karawang, and it is densely populated where some districts are still impoverished. Health care system in the country does not support extensive program that covers laboratory examinations. This reflected in the limited samples received in the laboratories. Clinical Microbiology Laboratory of Faculty of Medicine University of Indonesia is located in the center of Jakarta and known as the referral Microbiology Laboratory as it is part of the Department of Microbiology FMUI. The laboratory receives specimens from other laboratories, hospitals, primary health cares and also individuals. Furthermore, Siloam Kebon Jeruk in West Jakarta and St. Carolus in Central Jakarta are private hospitals; their laboratories serve for the hospitalized, outpatients and also other sources. In this study, 247 isolates of S. Typhi examined during 2002-2010 were susceptible to antibiotics Chloramphenicol, Amoxycillin, Trimethoprim-Sulfamethoxazole, Ceftriaxone, Ciprofloxacin, and Levofloxacin. In addition, S. Typhi was in fact still susceptible to antibiotic Tetracycline (Data not shown).
Some reports on antibiogram of S. Typhi from other institutions within the country were similar i.e. Central Laboratory of Cipto Mangunkusumo Hospital reported all S. Typhi isolated from hospitalized typhoid fever cases in 2009 were all susceptible to antibiotics (Chloramphenicol, Cotrimoxazole, Ceftriaxone, Cefuroxime, Ampicillin-Sulbactam, Amoxycillin-Clavulanic acid, Ciprofloxacin, Levofloxacin) [9] . In 2003-2005, ninety isolates of S. Typhi were collected from some districts in East Jakarta. All of these isolates were susceptible to first line drugs (Chloramphenicol, Trimethoprim-Sulfamethoxazole, Ampicillin) and Tetracycline except for only 1 isolate which was resistant to Chloramphenicol [10] .
Data obtained from outside Jakarta such from Pakanbaru in Sumatra Island in 2009-2010 also showed very similar susceptibility patterns. Those S. Typhi isolates were all susceptible to Chloramphenicol, Tetracycline, Trimetoprim-Sulfamethoxazole, Amoxycillin-Clavulanic Acid, Cefotaxim, Cefepime, Ceftazidime, Cefazolin, Ceftriaxone and Ciprofloxacin [11] . S. Typhi isolated from South Sulawesi, however, showed an increase resistant against Chloramphenicol and Ciprofloxacin between 2001-2007, which was 1.04% to 7.84% and 0.11% to 6.83% respectively [3] . In 2003, a collaborated study on enteric bacteria in patients with diarrhea had been carried out in United States Naval Medical Research Unit, Jakarta that involved many health institutions from many cities in Indonesia including Medan, Padang, Batam, Jakarta, Pontianak, Denpasar and Makassar. A total of 111 S. Typhi had been isolated from feces, and all were susceptible to antibiotic tested i.e. Ampicillin, Trimethoprim-Sulfamethoxazole, Chloramphenicol, Tetracyclin, Cephalotin, Ceftriaxone, Norfloxacin and Ciprofloxacin. Nalidixic acid resistance was not found [12] .
Resistance to Chloramphenicol was reported to emerge in only two years after its introduction in 1948, and was not until 1972 that typhoid fever caused by Chloramphenicolresistant S. Typhi became a major problem; outbreaks occurred in Mexico, India, Vietnam, Thailand, Korea, and Peru (cited from Parry et al, 2002 [13] ). Toward the end of the 1980s and the 1990s, S. Typhi developed resistance simultaneously to all the drugs that were then used as first line treatment (Chloramphenicol, Trimethoprim, Sulfamethoxazole, and Ampicillin). Despite multidrug-resistant S. Typhi are still common in many areas of Asia, strains that are fully susceptible to all first line antibiotics have reemerged in some areas [13] . Chau et al, 2007 reported that of eight endemic countries from Indian continent to China, multidrug resistance (MDR) S. Typhi varied from 16 to 37% and Nalidixic acid resistance were 5 to 51% [7] . In some places Nalidixic Resistant S. Typhi (NRST) was reported to cause more complication and poorer outcome of the disease; the presence of NRST is critical and influenced the successful rate of therapy with Fluoroquinolone [14] .
Despite an increase resistance elsewhere, certain areas especially in Northern India, reported that Chloramphenicol resistance has reduced from a high of 18% to only 2% [15] .
Differences in the antibiotic susceptibility profiles as well as clinical appearance of typhoid fever cause by S. Typhi rely on many factors. Conditions such as disease control programs, inadequate policy of using antibiotics, local conditions that include personal hygiene, availability of clean drinking water, food handling and sanitation contribute to the complexity and outcome of the disease. Nevertheless, one important element of the diverse clinical manifestation of typhoid fever is the presence of genome plasticity of S. Typhi. Many studies had been conducted in the late nineties on genome profile of S. Typhi and showed the diversity of the genome. Some of strains originated from a certain region or country share some degree of similarity to other strains from different places. Our earlier study on genetic relationship using pulsed-field gel electrophoresis (PFGE) found that S. Typhi originated from five cities i.e. Medan, Jakarta, Pontianak, Makassar and Jayapura in Indonesia expanding from west to east part of the country, had clusters of endemic strains in certain geographic areas [16] . The presence of specific strains in localized area might have been the reason of varied symptoms of the disease and, possibly their susceptibility to antibiotics. Despite heterogeneity and different clonality of the 33 isolates of S. Typhi used in the study, these endemic strains were in fact all susceptible to Chloramphenicol, Ampicillin and Cotrimoxazole [16] .
Some investigators reported a correlation of certain genome profiles of S. Typhi strains and their ability to cause a fatal typhoid fever [17] . Others reported specific flagellar types were associated with severe outcome of the disease [18] . A study carried out in our laboratory by Tjita in 2000 showed that 3 S. Typhi strains had identical genome profiles deduced from PFGE [19] . Each of the strains showed different susceptibility against several antibiotics i.e. one strain was resistant to Tetracycline; another two were multi resistant to Chloramphenicol/Tetracycline, and Ampicillin/Chloramphenicol/ Tetracycline respectively (see Figure 2 ). In addition to the findings, two other S. Typhi strains which resistant to Ampicillin and Tetracycline were found to be an identical strains [19] . The mentioned conditions could have been the reasons that conventional drugs such as Chloramphenicol, Amoxycillin, Trimethoprim-Sulfamethoxazole and Tetracyclin still have good activity in-vitro against S. Typhi strains in Jakarta and surrounding areas. In recent years, antibiotic Fluoroquinolone has been widely used in the treatment of typhoid fever in Indonesia, and it showed superiority in term of efficacy and safety [20] . Previous reports by Ochiai et al, 2008 [2] and Tjaniadi et al, 2003 [12] showed Nalidixic acid resistant S. Typhi was not found thus far in Indonesia. Cautious is adviced, however, since quinolone resistant S. Typhi strains have been an important issue in regional and global [6, 21, 22, 23] .
In conclusion, despite resistance issue of S. Typhi from other countries, this study showed that most of all S. Typhi isolated in certain places in Jakarta and neighboring areas were susceptible to antibiotic tested (Chloramphenicol, Amoxycillin, Trimethoprim-Sulfamethoxazole, Ceftriaxone, Ciprofloxacin, Levofloxacin). This information is important since antimicrobial therapy plays a key role in management of typhoid fever disease. The susceptibility profiles, however, were only derived from certain strains, which may not represent all strains, which present in Indonesia. Therefore it is necessary to perform cultures and antibiotic sensitivity tests on patients with suspected typhoid fever, and so the patients can be treated with definitive antibiotic therapy. Needless to say, adequate antibiotic therapy will prevent the spread of antibiotic-resistant S. Typhi strains. Lastly, promotion of public health such as personal hygiene, sanitations, clean drinking water, food handlings and also vaccination are equally important as prevention of the disease. Sixteen S. Typhi isolates were originated from patients with typhoid fever in Jakarta. The genome was digested XbaI restriction enzyme. T6, T10 and T12 [ ] were identical strains, which showed different susceptibility patterns i.e. T6 resistant to Tetracycline, T10 resistant to Chloramphenicol/Tetracycline, T12 resistant to Ampicillin/Chloramphenicol/Tetracycline. T1 and T4 [ ] had identical genome profiles but each showed different susceptibility patterns i.e. T1 resistant to Ampicilin, and T4 resistant to Tetracycline. Modified from Tjita, 2000 [19] . Fig. 2 . Genome profile of S. Typhi isolates from Jakarta using Pulsed-Field Gel Electrophoresis
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